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(3) Process for making thermoplastic polyester foams. 



@ A process for making thermoplastic polyester 
foams comprises the steps of subjecting mac- 
rocyclic polyester oligomer precursors to in- 
itiators and blowing agents at a constant 
operating temperature in order to produce 
foams which unexpectedly display low foam 
densities. 
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Field of the Invention 

This invention relates to a novel process for mak- 
ing thermoplastic polyester foams. More particularly, 
the invention is directed to a process for making said 
thermoplastic polyester foams by subjecting macro- 
cyclic polyester oligomer precursors to initiators and 
blowing agents while preferably maintaining a con- 
stant operating temperature. 

Background of the Invention 

It is well known that solids can be made into three 
dimensional cellular materials (foams). Techniques 
exist for making foams out of a sundry of solids which 
include polymers, metals and ceramics. Such foams 
may be employed, for instance, in packaging materi- 
als and crash protection equipment, wherein they ab- 
sorb energies originating from impacts. Moreover, 
the foams may be used in nonmechanical applica- 
tions such as thermal insulators, flotation devices and 
filters. 

Conventional processes for producing foams of- 
ten require the subjection of solids to decomposable 
blowing agents while varying temperatures. Addition- 
al processes include gas dissolution in heated solids 
which are under high pressure and soluble solid incor- 
poration into solids followed by molding and leaching 
with solvents. 

The instant invention, therefore, is directed to a 
novel process for making thermoplastic polyester 
foams. The thermoplastic polyester foams are pre- 
pared by subjecting low viscosity macrocyclic poly- 
ester oligomer precursors to initiators and blowing 
agents while preferably maintaining a constant oper- 
ating temperature. Moreover, said thermoplastic 
polyester foams unexpectedly display low foam den- 
sities. 

Description of the Prior Art 

Processes for preparing polyesters have been 
disclosed in the art. In commonly assigned U.S. Pa- 
tent 5,039.783, macrocyclic polyester oligomers are 
prepared via the condensation of diols with diacid 
chlorides in the presence of non-sterically hindered 
amine catalysts. 

Additionally, in commonly assigned U.S. Patent 
4,132,707, a method for converting linear polyesters 
to branched copolyesters is described. In said meth- 
od, poly(alkytene terephthalate) is combined with a 
mixture of phenol and tetrachloroethane and a 
branching component in order to produce a solid par- 
ticulate blend. The solid particulate blend is subse- 
quently heated in the presence of an inert gas in order 
to produce the desired branched copolyester. 

Still other investigators have focused on the pro- 
duction of porous resins. Engel et al., Structural Plas- 



tics, page 150 (1950), discloses that plastics may be 
expanded when combined with actions of a decom- 
posing blowing agent such as sodium bicarbonate, 
ammonium carbonate or diazoaminobenzene. 

5 The instantly claimed invention is patentably dis- 

tinguishable from the above-described since, among 
other reasons, it is directed to a novel process for 
making thermoplastic polyester foams by subjecting 
low viscosity macrocyclic polyester oligomer precur- 

10 sors to initiators and blowing agents while preferably 
maintaining a constant operating temperature. More- 
over, a second embodiment of the instant invention 
pertains to thermoplastic polyester foams which un- 
expectedly display tow foam densities. 

15 

Summary of the Invention 

In a first aspect, the instant invention is directed 
to a novel process for producing thermoplastic poly- 

20 ester foams. Said novel process comprises the steps 
of subjecting low viscosity macrocyclic polyester oli- 
gomer precursors to initiators and blowing agents 
while preferably maintaining a constant operating 
temperature. In the instant invention, low viscosity is 

25 defined as less than about 1,000 centipoise, prefer- 
ably less than about 100 centipoise and most prefer- 
ably less than about 40 centipoise at operating tem- 
peratures. Moreover, since the macrocyclic polyester 
oligomer precursors possess low viscosities, as de- 

30 fined above, they are defined as being free flowing at 
the operating temperatures. 

There are no limitations with respect to the blow- 
ing agents employed in the instant invention other 
than that they possess a boiling point below operating 

35 temperatures and often less than about 205°C and 
preferably less than about 175°C and most preferably 
less than about 50°C or that they decompose at op- 
erating temperatures. Additionally, in the instant in- 
vention, thermoplastic polyester foams can unexpect- 

40 edly be produced by boiling the blowing agents in 
contact with the precursors. Although blowing agents 
that decompose may be employed, the decomposi- 
tion of blowing agents as often required in conven- 
tional processes is not a requirement in the instant in- 

45 vention. 

In the instant invention, the operating tempera- 
ture is any temperature which renders the macrocyc- 
lic polyester oligomer precursors free flowing liquids 
(often referred to as a melt) at the above-mentioned 

so viscosities. However, as discussed in detail herein- 
after, the operating temperature is low enough so that 
after the macrocyclic polyester oligomer precursor is 
subjected to the blowing agent and initiator, a solid 
thermoplastic polyester foam unexpectedly display- 

55 ing low foam density is recovered. The operating tem- 
perature is typically greaterthan about 165°C but less 
than about 220°C. An operating temperature of about 
175°C to about 205°C is often preferred. 
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tt is therefore evident that in the instant novel 
process a free flowing precursor is transformed into 
a solid foam without the need of a cooling step, and 
hence, at one operating temperature. However, high- 
er temperatures and a cooling step may be employed 
if desired. 

In a second aspect of the instant invention, ther- 
moplastic polyester foams which unexpectedly dis- 
play low densities are produced and low density as 
used throughout is defined as less than about 0.9 
g/cm 3 and preferably less than about 0.6 g/cm 3 . 

Detailed Description of the Preferred 
Embodiments 

The macrocyclic polyester oligomer precursors 
employed in the instant invention are preferably mac- 
rocyclic poly(a!kylene dicarboxylate) oligomers com- 
prising structural units of the formula 



-O-R-O 



O O 
-l-A-i 



CI 
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under substantially anhydrous conditions and in the 
presence of a substantially water immiscible organic 
solvent, with at least one unhindered tertiary amine; 
said contact being conducted at a temperature from 
about -25° to about +25°C. 
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wherein R is an alkylene or mono- or polyoxyalkylene 
radical containing a straight chain of about 2-8 atoms 
and A is a m- or p-l inked monocyclic aromatic or ali- 
cyclic radical. Hence, it is preferred that the macro- 30 
cyclic polyester oligomer precursors are of the family 
consisting of polymeric glycol terephthalates or iso- 
phthalates and mixtures thereof including copolye- 
sters of terephthalic and isophthalic acids. They are 
typically characterized by an Mn value of less than 35 
about 1 500 but preferably about 300 to about 800. Es- 
pecially preferred precursors employed in the instant 
invention are macrocyclic poly(ethylene terephtha- 
late) (PET) and poly (1,4-butylene terephthalate) 
(PBT) oligomers and copolyesters comprising the 40 
same. Sard copolyesters typically comprise less than 
about 25% by weight PET but preferably less than 
about 15% by weight PET. 

The precursors may be prepared by a method 
which comprises contacting at least one diol of the for- 45 
mula HO-R-OH and at least one diacid chloride of the 
formula 



50 



55 



Other reagents used to synthesize the macrocyc- 
lic poiy(alkylene dicarboxylate) oligomers employed 
in the instant invention include unhindered tertiary 
amines and substantially water-immiscible organic 
solvents. A detailed description for the preparation of 
the above-mentioned macrocyclic polyester oligomer 
precursors employed in this invention may be found 
in commonly assigned U.S. Patent 5,039,783, the dis- 
closure of which is incorporated herein by reference. 

The blowing agents employed in the instant in- 
vention are any of those which: (1) are compatible 
with the oligomer precursors; (2) ensure uniform tran- 
sition to the foam; and (3) give high blowing efficiency 
for the minimum concentration and price. 

Both physical blowing agents (PBA) and chemi- 
cal blowing agents (CBA), as well as mixtures thereof 
may be employed to produce the low density thermo- 
plastic polyester foams of the instant invention. 

Illustrative examples of PBAs that may be em- 
ployed include hydrogen, hydrocarbons, inert gases 
such as nitrogen and carbon dioxide and halocarbons 
such as dichloromethane. The PBAs can be intro- 
duced into the foaming system either as a volatile flu- 
id or as a compressed gas and they may be intro- 
duced directly into the precursor when it is in the form 
of a melt or beforehand. When gases are employed 
as PBAs, they are forced into the melt at high pres- 
sure and they are expanded into bubbles to cause 
foaming by reducing the pressure. Alternatively, 
when the PBAs are liquids, they are mixed in the melt 
and volatize upon heating to form vapor bubbles 
which results in foaming. 

Illustrative examples of CBAs that may be em- 
ployed in the instant invention include azodicarbona- 
mide, ammonium carbonate, diazoaminobenzene, bi- 
carbonates of the alkali metals and p,p-oxy-bis(ben- 
zene sulfonyl hydrazide). The CBAs are typically in- 
troduced into the melt and they may be, for example, 
in the form of powders, pellets, concentrates or dis- 
persions. It is also within the scope of the invention 
to include special additives called activators or "kick- 
ers" such as zinc stearate which lower the decompo- 
sition temperatures of many CBAs. The CBAs work 
by decomposing upon heating in the melt or by caus- 
ing gases to be released when mixed in the melt. 

Each process can produce open or closed-cell 
foams. The final structure of the foam depends on the 
rheology and surface tension of the melt. Further, the 
foams of the instant invention are not limited to any 
particular cell size. 

It is also within the scope of the instant invention 
to use supercritical liquids (either alone or with mix- 
tures of PBAs and CBAs) such as liquid carbon diox- 
ide as the blowing agent in the instant invention. 

Initiators (often called polymerization catalysts) 
are employed in the instant invention in order to con- 
vert the cyclic macrocyclic polyester oligomer precur- 
sors to linear polymers. Such initiators are typically 
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added in the amount of about 0.01 to about 1 .5 but 
preferably about 0.05 to about 0.5 mole percent. They 
may be added within a large temperature range, for 
instance, 150°-350°C. However, it is preferred that 
they are added at operating temperatures. The linear 
polymers generally have Mn values of about 5,000 to 
about 250,000 but they preferably have Mn values of 
about 10,000 to 80,000. 

The initiators employed in the instant invention in- 
clude alkali metal salicylates, stannous alkoxides, or- 
ganotin compounds and organotitanates. Illustrative 
salicylates are lithium salicylate, sodium salicylate 
and potassium salicylate, with lithium salicylate gen- 
erally being preferred. Illustrative stannous alkoxides 
are the rnethoxide, ethoxide and propoxides. Illustra- 
tive organotin compounds are dialkyltin(IV) oxides 
such as dl-n-butyltin(IV) oxide and di-n-octylttn oxide 
and acyclic and cyclic dialkyltin(IV) dialkoxides such 
as di-n-butyltin(IV) di-n-butoxide, 2,2-di-n-butyl-2- 
stanna-1 ,3-dioacycloheptane, 1 ,1 ,6,6-tetra-n-butyl- 
1,6-distanna-2,5,7,10-tetraoxacyciodecane and any 
compound that may be classified as a stannoxane 
type initiator. An illustrative organotitanate is titani- 
um(IV) 2-ethylhexoxide. 

The process for making the thermoplastic poly- 
ester foams of the instant invention comprises the 
steps of: 

(a) heating to an operating temperature a macro- 
cyclic polyester oligomer precursor to produce a 
free flowing precursor, 

(b) subjecting said free flowing precursor to a 
blowing agent and an initiator; and 

(c) recovering said thermoplastic polyester 
foams. 

In the instant invention, the blowing agent may be 
added before or after the initiator. However, if the ini- 
tiator is added first, the blowing agent should be add- 
ed when less than about 75% but preferably less than 
about 50% of the macrocyclic polyester oligomer is 
converted to linear polymer. Moreover, it is also within 
the scope of the instant invention to add the blowing 
agent and initiator contemporaneously. 

As previously stated, the macrocyclic polyester 
oligomer precursors become free flowing liquids 
(melts) after being heated to the operating tempera- 
ture. Once the melt is subjected to initiator, a high mo- 
lecular weight linear polymer is produced which typi- 
cally melts at a temperature higher than the temper- 
ature (operating temperature) required to convert the 
precursors to a melt. Since the operating temperature 
is below the temperature required to melt the linear 
polymer, the linear polymer crystallizes at the operat- 
ing temperature forming a solid. Thus, the precursor 
to melt to solid transformation is isothermal and the 
product is a foam as a result of the action of the blow- 
ing agent prior to solid formation. Furthermore, it is 
noted that the initiators often become end termination 
groups of the linear polymer as well as compounds in- 



corporated into the linear polymer backbone. 

The following example is to further illustrate and 
facilitate the understanding of the invention. The 
product obtained may be confirmed by conventional 
5 techniques such as proton and carbon 13 nuclear 
magnetic resonance spectroscopy, infrared spectro- 
scopy and GPC analysis. 

Example 

10 

A 150 ml beaker was charged with 100g of a 
PET/PBT copolyester macrocyclic oligomer precur- 
sor (1 0% by weight PET) and heated in an oil bath un- 
til a melt was formed. The melt was stirred with a 

15 mechanical stirrer and 10 ml of a 1 5% w/v solution of 
stannoxane initiator (1 , 1 ,6,6-tetra-n-butyl-1 ,6-distan- 
na-2,5,7,1 0-tetraoxacyclodecane) in dichlorome- 
thane was injected into the stirring melt. The resulting 
initiator concentration was 0.5 mole % relative to PBT ^ 

20 repeat units. Foaming was observed immediately v 
upon injection of the initiator solution. A linear 
PET/PBT thermoplastic polyester foam began to form 
and samples of the material were taken for GPC ana- 
lysis at 30 seconds and 60 seconds. The analysis in- 

25 dicated, respectively, 5% and 34% conversion to 
polymer foam. The polyester foam began to solidify 
due to crystallization after about 60 seconds. The 
polyester foam was removed from the oil bath 120 
seconds after injection of the initiator. GPC analysis 

30 indicated that 58% of the macrocyclic copolyester oli- 
gomer precursor was converted to linear PET/PBT 
polyester foam having an Mw relative to polystyrene 
of 56,000. The density of the foam was unexpectedly 

0. 57 g/cm 3 . 

35 

Claims 

1. A process for making thermoplastic polyester 
40 foam comprising the steps of: 

(a) heating to an operating temperature mac- 
rocyclic polyester oligomer precursors to pro- 
duce free flowing precursors; 

(b) subjecting said free flowing precursors to 
45 a blowing agent and an initiator, and 

(c) recovering said thermoplastic polyester 
foam. 

2. A process for making a thermoplastic polyester 
so foam in accordance with claim 1 wherein said op- 
erating temperature is from about 165°C to about 
220°C. 

3. A process for making a thermoplastic polyester 
55 foam in accordance with claim 2 wherein said op- 
erating temperature is from about 175°C to about 
205°C. 
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4. A process for making a thermoplastic polyester 
foam in accordance with claim 1 wherein said 
macrocytic polyester oligomer precursors have 
structural units of the formula 

5 

o o 

-O-R-O-fc-A-ft- • 

10 

wherein R is an alkylene or mono- or polyoxyalk- 
ylene radical containing a straight chain of about 
2-8 atoms and Ais a m- orp-linked monocyclic ar- 
omatic or alicyclic radical. 

15 

A process for making a thermoplastic polyester 
foam in accordance with claim 4 wherein said 
macrocyclic polyester oligomer precursors are 
macrocyclic poly(ethylene terephthalate), 
poly(1 ,4-butylene terephthalate) or copolyesters 20 
comprising the same. 

6. A process for making a thermoplastic polyester 
foam in accordance with claim 5 wherein said co- 
polyesters comprise less than about 25% by 25 
weight poly(ethylene terephthalate). 

7. A process for making a thermoplastic polyester 
foam in accordance with claim 6 wherein said co- 
polyesters comprise less than about 15% by 30 
weight polyethylene terephthalate). 

\-- 4 , - v *; ' >* 4 

8. A process for making a thermoplastic polyester 
foam in accordance with claim 1 wherein said 

free flowing precursors have a viscosity of less 35 
than about 1,000 centipoise. 

9. A process for making a thermoplastic polyester 
foam in accordance with claim 1 wherein said 

free flowing precursors have a viscosity of about 40 
100 centipoise. 

10. A process for making a thermoplastic polyester 
foam in accordance with claim 9 wherein said 
free flowing precursors have a viscosity of about 45 
40 centipoise. 

11. A process for making a thermoplastic polyester 
foam in accordance with claim 1 wherein said 
blowing agent is a physical blowing agent, chem- 50 
ical blowing agent, supercritical liquid or mixture 
thereof. 

12. A process for making a thermoplastic polyester 
foam in accordance with claim 1 wherein said ini- 55 
tiator is an organotitanate, alkali metal salicylate, 
stannous alkoxide or organotin compound. 
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(57) A process for making thermoplastic polyester agents at a constant operating temperature in order to 
foams comprises the steps of subjecting macrocyclic produce foams which unexpectedly display low foam 
polyester oligomer precursors to initiators and blowing densities. 
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